A sixteen parameter solar concentrator/heat receiver mass model is used in conjunction with Stirling and Brayton Power Conversion System (PCS) performance and mass computer codes to determine the effect of thermal energy storage (TES) material property changes on overall PCS mass as a function of steady state electrical power output. Included in the PCS mass model are component masses as a function of thermal power for: concentrator, heat receiver, heat exchangers, heat engine units with optional parallel redundancy, power conditioning and control (PCC), PC and C radiator, main radiator, and structure. Critical TES material properties considered are: melting temperature, heat of fusion, density of the liquid phase, and the ratio of solid-to-liquid density.
Introduction tial for efficient, lightweight, survivable, relatively compact, long-lived space power systems applicable to a wide range of power levels (3 to 100 kWe), and a variety of orbits. The successful development of these systems could satisfy the power needs for many of the projected NASA, Civil, Commercial, and Military missions. These systems, which offer a nonnuclear alternative to the SP-100 reactor power systems, are competitive with alternate solar PV technologies in the very small sizes but become increasingly attractive for higher power applications (50 to 100 kWe) where increased efficiency, compact size, and reduced drag are required. investigated for the Space Station rely heavily on the existing technology data base and must by necessity follow a conservative design/development approach to meet the scheduled launch date.
NASA is also pursuing an aggressive, advanced solar dynamic (ASD) technology development program to provide power systems to meet future mission needs. growth from the solar dynamic power systems being studied for the Space Station with a goal to provide a factor of 5 increase in the specific power over that of the IOC Space Station power system (5 to 25 w/Kg). These advanced power systems will also be applicable to a wide range of sizes and orbits.
Solar dynamic power systems offer the poten-
The solar-dynamic power systems being This program will provide significant Key elements of the ASD program are to increase operating temperature and efficiency of these systems as well as to develop more efficient and lighter weight components. The program is highly synergistic with the Space Station, the SP-100 and the DOE Terrestrial solar dynamic programs and is focused on developing power systems in the 1025 to 1400 K temperature range with minimum efficiencies over 25 percent. Missions and systems analysis studies are performed t o guide the overall program. Major technology development activities include the heat receiver, advanced energy storage and containment, concentrator, power conversion, microgravity studies, and space environmental effects.
Successful development of a solar dynamic system requires the ability to store energy efficiently during the sun lit portion of the orbit. In this regard, one advantage of solar dynamic systems is that this energy is stored in the form of heat, rather than as electrical energy. This means that losses associated with storage and recovery of the energy, i.e. round trip efficiency and depth of discharge, are applied against a lower or unprocessed form of energy, namely heat, rather than the more valuable processed form of energy, namely work or electricity, as is the case for PV-battery storage systems.
However, this requires the development of thermal energy storage (TES) materials which may absorb heat and experience a rise in temperature (sensible heat storage), of alternately phase change materials (PCM) which experience a meltfreeze cycle (latent heat storage) during each orbit. The latter method o f heat storage was assumed in this study.
The purpose of this paper is to show the results of the system mass models used to evaluate effect of PCM properties on the steady state performance and weight o f advanced Free Piston Stirling Engine (FPSE) and Closed Brayton Cycle (CBC) Power Conversion Systems. used in this study include a sixteen parameter concentrator/receiver code. The power systems were considered to consist of the following major subsystems: concentrator, receiver (including PCM) , heat exchangers, power conversion unit (PCU) , power conditioning and controls (PCC), main radiator, and structure. The PCM properties considered in the system mass model were the melting point, heat of fusion, and density. Overall system optimization studies were conducted for peak cycle temperatures ranging from 900 to 1500 K and a power conversion module power level of 35 kWe. These studies were conducted at the NASA Lewis Research Center as part of the Advanced Solar Dynamic program.
The system models

Advanced Solar Dynamic System Studies
As part of the AS0 program system analysis trade studies are used to identify attractive configurations as a function o f operating conditions1 and t o guide component development e f o r t s and t h e l e a d t o low heat r e c e i v e r s i t e f o r a g i v e n power l e v e l and thus have a f a v o r a b l e e f f e c t on o v e r a l l system mass. Thermal energy storage candidate m a t e r i a l s f o r which a l i m i t e d amount of p e r t i n e n t i n f o r m a t i o n has been obtained are shown i n Table 1 . Note t h a t as d a t a f o r PCM t r a n s p o r t p r o p e r t i e s (thermal conduct i v i t y , thermal d i f f u s i v i t y , specif i c h e a t ) becomes a v a i l a b l e i t w i l l be p o s s i b l e t o e v a l u a t e i n more d e t a i l t h e impact o f t h e PCM prope r t i e s on system mass. For example, t h e h i g h t h e rmal c o n d u c t i v i t y o f t h e metal PCM w i l l e l i m i n a t e t h e need f o r heat t r a n s f e r enhancement devices such as tube f i n s and high surface t o volume c o n t a i n e r configurations.2 s a l t and, as shown i n Table 1, i t has a h i g h heat of fusion, d e n s i t y , and m e l t i n g p o i n t . Therefore, L i F was chosen as a benchmark s a l t f o r t h i s system study. System weight and performance models were obtained f r o m t h e t a r g e t values o f t h e Space Power Free P i s t o n S t i r l i n g Engine (FPSE) Program. J u s t as f o r t h e Brayton system, mass f i r s t decreases due t o increased e f f ic i e n c y and t h e n increases due t o t h e o v e r r i d i n g i n f l u e n c e o f i n c r e a s i n g r a d i a t o r mass. For t h e FPSE w e i g h t a l g o r i t h m used t o t a l masses a r e lower t h a n f o r t h e Brayton system. mass temperature values occur a t lower temperature r a t i o s t h a n f o r t h e Brayton system. T h i s occurs because t h e S t i r l i n g engine r e j e c t s h e a t a t cons t a n t temperature and t h e mean e f f e c t i v e r a d i a t o r temperature i s below t h e lowest c y c l e temperature.
The Brayton c y c l e , on t h e o t h e r hand, r e j e c t s heat a t near c o n s t a n t pressure b u t a t temperatures which decrease from recuperator e x i t t o compressor i n l e t . Hence, t h e mean e f f e c t i v e r a d i a t o r tempera t u r e i s w e l l above t h e lowest c y c l e temperature.
The v a r i a t i o n i n component masses and o v e r a l l system mass i s shown i n Fig. 7 Again, t h e r e c e i v e r dominates o v e r a l l system mass u n t i l h i g h e r temperature r a t i o s a r e reached, t h e n i n c r e a s i n g r a d i a t o r mass s t a r t s t o d r i v e up t h e o v e r a l l system mass. As mentioned p r e v i o u s l y , t h e minimum mass f o r t h e S t i r l i n g system occurs a t temperature r a t i o s s i g n i f i c a n t l y lower t h a n f o r Brayton systems o p e r a t i n g a t t h e same PC i n l e t temperature and o v e r a l l system mass i s lower. power c o n v e r t e r (PC) i n l e t (i .e., peak c y c l e ) temp e r a t u r e i s shown in Fig. 9 n s i t y a r e more i m p o r t a n t than h i g h m e l t i n g p o i n t (i.e. peak c y c l e temperature) i n reducing system mass. O f course t h e c o m p a t i b i l i t y o f t h e PCM with i t s containment m a t e r i a l w i l l be o f paramount importance, s i n c e system r e l i a b i l i t y over a d e s i r e d o p e r a t i n g l i f e r e q u i r e s t h a t t h e PCM does n o t r e a c t w i t h t h e containment w a l l s . 
Note t h a t t h e minimum
